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m&(D^mmmt^^r— k (led) ^w$tixv^ 0 w^fei/- 

15 ^p n n^fS](t-rfS^^^it^e»^TV^o ^7T^T (A1 2 0 

3 ) »S£fflWcGaN^u— ifasfEK^fru 1 0 0 OB#R8<E>Mig8l3gJi (C 
riSRHS^iiVCV^ (S. N a k amu ra et a 1 . , Japan 
ese Journal of Applied Physics, vol. 3 
5, p. L 7 4, 199 60m . 

5 0 s-r\ (oooi) m&^mk-t r-<Twm±i^ m&x-G a N^y 

-7 rmZMffctZo WT, m 3 9 ~H 4 2 £#BS LT, G a N'< y !7 7 Jf <^J& 

m 3 9 tC7jH-<t 0 (0 0 0 1) ffi^3£®^i-^>-^7 7-<7SS 2 0 0»i 
25 ®±!^ #HG&JR^ttft£fi (MOVPE) (ai3f$l~2 ft m©GaNl20 
1 £ffcft£-£<5„ G a NI 2 0 1 <0&ffi±.\^ \V%mmm (CVD) {CioT 
f¥£ 1 0 0 — 3 0 0 nm<DS i O 2 J^£r*§Hg£-e:5 0 w<75S i 0 2 1^ 7 vWl 

&m\t^xs<#— =^^u hmjw>s i o 2 /^-v2 0 2^to s i o 2 iii<o 
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0 J5£M)i9]lCfcV GaNl201 ^S»W LTV ^IWfcBiO^G aNl2 

0 3 /M*-T5 0 G a NJiOfifcftSrttft 5 £: > *3C^^>jfcBWSte£ "9,041 
lcjjc$-.fc5^ S i Oj/^- >2 0 2(^±^tjGaNjg2 0 4^ii^L^i65 
5 „ 

$ h\Z.$3z*WtrtZ> t . 9 -fr 0 G a NJ1 2 0 4 15]±^ U 

aN/^77l20 5*S»btl/5o 
04 311 G a 5/771205 rtO^<©:t^&1^Sty^H"o t7r^ 

10 TiGaNtOft^FSE^ao-C, f7 7 -Y T«2 0 0 £G a Njf2 0 1 t 
<D$mfrh, tefi 2 0 6 ^ 2 0 7 a Nl 2 0 1 rtlrl^S, Si0 2 /^ 
— V 2 0 2 OiB«*^fcfllW^fiJc$^^SJEia: 2 0 6il S i O i/ 2 0 

2 J; <9 t>_L£KttSEt#fcV\, S i 0 2 '<?—>2 0 2<?5iail$tfCV^V>®*jc^ 
*5WCH I5fi2 0 7^GaN/^77S2 0 5 rt*TjCjiLT&tf3 0 

15 S i 0 2 s*# — ^2 0 5<D±Jj(Dm%L2 0 8(1 GaNWf^Mfti-io 
T^^^iXTttjOT'fcSo rofctf), S iO 2 /N7-^2 0 2©i*Ot«(2 0 

0 4 4 KtjcTJ; 5 fc. 0 3 975^114 2 ^T*(7)XS^«93SU SiO/^ 
-y 2 0 9 a N/^ ^7 7 § 2 1 0 SrM Lt t> J;V \ r.<Di^g\ 

20 ^ft^mrtit. s i o 2 ^^-y2 o 9ii w©s i o 2 ^-y2 0 

G a N/<>y77l2 0 5f*J^)<BK2 0 7 (Dj&friK S i O 2 ^->2 0 9 
£^XP51t£ftZ) 0 iOfc^ GaN^y77|2 0 5©±i:, <E|£4&£fc>teV N 
2jS@WGaN^^-y77T^2 1 0 &ffa$rfZ> Z t &X*Z 5 Q 

25 g a «y ^ re^^)£^^fg< -rs~ t &x~% &th nmmmrn u 

GaN/<y77iO±t, 9«iSS:?^1-«^i£SrKWi-5o Ga 
N/<y77l»±l:, nlGaN« nlA 1 0 . 09 Ga 0 , 5^77^ Kf 
x n 1G a N KJg (separated confinement heterostructure (SCH) layer 
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) % I n G a N#llf#pi, pSA 1 0 . 18 G a 0 . 82 N^-— /<7B- B&ltJl 
, plGaNWhl, plAl 0 . 09 Ga fl . 91 N^7yKI, XtfplGa 
N = >** h^Sr^-TSo riXb<^S<7>fijcfttt, #Jx.tfMOVPEK«fc>3fTfc> 

5 piGaN=y^^ hSRtfpiSA 1 GaN^77 KJg£gfc£#Ji£ K^W^ y 
L JJ vWit^a-To y yvli^otl^VMCnlG a N^JI 
CD— gR£StB£i2:5o <fe®£S i 0 2 lT*iV\ y s>S^&©±®<E>--*RRt*n 
MG a N«t»IWlO«fl50— «fP*s«rmi-« «fc i 0 2 JK^^-=^i-5. 

stts l/c y >^iit(D^ffi±^. n i /a u co 2 if W3i£*rr 5 p #j®^^tt^ 

10 -T5o HfcH tfcnSG a Nf|BMI<E>*aB-H^ T i /A u © 2 JWBfiSr#T5 n 

. 6kA/cm 2 gSt*5, 
20 C«i:^x»#/ e CV\ ~CD;fca6. niGaN^^I©*I!:lffl$t rcogjtfK-n 

SrfflV^SCiJ&Sfli^tl/C^S (A. Kuramata, K. Domen, R. 
Soej ima, K. Hirono, S. Kubota and T. Tana 
25 hasi, Japanese Journal of Applied Phy 
sics Vol. 36 (1997) L1130, RXfG. E. B u 1 m a n 
et a 1 , Device Reserch Conferece IV — B — 
8, 1 9 9 7 #B8) „ 
i4 5^#IL"C, S i CSte^ffl^7t^^U—ifC0$!at7Jfe^^i-5c 
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(0 0 0 1) S iS%±Si:t5A*fB©6H-S i 3 i %WmtZ> a 

S i C®&2 3 1 ^{inM#mi*^#-^^tbTl/^ 0 S i C*1£2 3 1 cD*®± 
{C. MOVPEiU <9 nI©A 1 0 . t G a 0 . 9 N^777§2 3 2. nSCGa 
N/<y77l2 3 3, ni©Al 0 . 09 Ga 0 . 91 N^7y KI2 3 4, nf©G 
5 aNWK!2 3 5, InGaN#H^F|2 36, pi©Al 0 . 18 G 
a 0 . „Nt^oy^l2 3 7, pSWGaNW KI2 3 8, pI<OAl 0 
. o 9 Ga 0 . 91 N^7^ KJf 2 3 9. St^pI^GaNa^^ hS2 4 0&IH& 

AlGaN^y77l232©)|^iO. 1 5 a m> GaN^777i2 3 3 
10 <Dff$J20. ljum, AlGaN^77Kf2 3 4Of$l40. 5/im, G a N 
KJf 2 3 5C0l?^«0. 1 AzmT?fc5o rHb^nMOSld^JD^nfc^ 
illlSit*!), ^«3X10 18 cm- 3 t^, 

I n G a N#Si^-#FJI 2 3 6lt 7V K— ^<7> I n 0 . 03 G a 0 . 97 N^£> 
^54lO/<y7l^7>K-7'©l n 0 . 15 Ga 0 . 8S N>0>b&3 3Jg<75#F)l 
15 £ Sr^S^OT LfeKJi*3t«:*N-3o Tjf WJ¥$ H: 5 n mffc t) . #FJf 

ff££5 nm, #Fjf<Dff££2. 5 nm£ LT*>«fcV\ 

A 1 Ga Nm-?""7 , 'c2yi7Jl2 3 KDW&\~$2 0 nm. GaN^ KJS 2 3 8 
0>J¥£fiO. 1/jm, AlGaN7 77Kl2 3 9Of$|j:0. 5/im, GaN 
20 zz-y^^ hJl2 4 0OJ?${i0. 2 vmX'foZo ~frb<Opm<Dm\Z.mAU£}ltz 
MljMgTfe^ ^©!|gii5X10 19 cni- 3 ffc5 o 

pMGa N = :^** hJf 2 4 OR&pMA 1 GaN^7'7 Kf2 3 9©-g|5Sr 
=. y^yjf U — 75TS]{-SV ^5/^241 S^Sf,, U y 2 4 1 (Difigte 3 . 5 n 
mtfcSo S i CSS2 3 l©Sffi±tN i, TU RT/Au 3rMU5fc*£ia$-£T 
25 nfl!l®£2 4 3 ZMffctZo V 7^2 4 10*®^plAl GaN777 KJf 
2 3 9©S®^S i 0 2 )Jfl2 4 2T"l9 0 

S i 0 2 Jgl2 4 2tw % U r^2 4 l©±ffiSr«W$lt««t9*MPS:^fi^5 
. itfJfflnOrtffi-hRtfS i 0 2 JH2 4 2(D$ffi±|I, Ni x Ti. RVAuZ 
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5 G a N^O^^^M^'h^V %m&&<r»\-£t£G a Njf ^t 0 *^ 

s i cmm^m^^ti^m^—^(Di'm^ m 3 9 -in 4 2-t^bfc$5fs:te 

15 ^PJ^)^ 

20 Mit^fe5:S^-r 5 r. t X1h So 

*U ffirt(wi»^f5ft©A 1 s Ga (O^xgl) 4: 

. HUl5S«^®S.OmiSA 1 X G a ,. s N^-y?ri?Al yGa^N^-^ 
-7rM (y<x) HUlSA 1 y G a ^yN^^^/^rSCOii-ffM^tVfcl/— !f 

25 mmt^m-r^^m^— f«*tis 0 

(o^x^d Ms^tsisi, huisa 1 x Ga t-^mzmmj^v?- 

HUta£^^-«^tti$^5Xm<t, aofcmJlfiA 1 x Ga t _ x N®^ 
Mat, Al y G ai _ y N/<?/77l (y<x) *m)R&&£ltZ>TMk 
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A 1 Ga N'"**— >%m£BBt UA lGaN^77i^S^5^ A 
r £ AS-C* 5„ A 1 G a N^°^-y(4t^tt^f LTV ^7c#\ H-?-ffij5ttf> 

i^*£»J-r 5 r. t « 0 

io uzmttizitzTMt, wns^R<omm\^ftMm±^ Ai x G ai _ x Nji (o 
^ x ^ i ) &mu$&£itz>3Mb , m^tzmm*\t^m*mk-t ziMt , 

StRj&ft LfcftfTfEA 1 x Ga i_ s Nflrli: LT, A 1 y G a ,. y N^ 5 '77l 
(y<x) SrSftfiES^SI®*:, MlfiA 1 y G a ,.,^^7711^1^- 
if^^J^SXS^^W^5^^L^-ifO$iat7J^^$n5o 
15 A.l x Ga ^NJiSflBSfti: LXA 1 y G a 1 . y N/<y77lW$*5 t 
% A 1 y G a x _ y N^^^T®<Dm^O«(Dtefi^^MS< ftS 0 IMBUES 

A 1 y Ga ^yN^y^TM^^^iOiefeSr^^pTtitC^So 
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5 TO«Jt^iag$tt, iii -v^t^^^£^j&£*k jb9*k£w 

20 \Z<\,\ 

U(Dm$L±.\Z&!$.Z*h^ Al x Ga x _ x N (O^x^l) «5AlGaN^ 
^ — , BtjffiA 1 G a H'**—^0>£m. XtFfifUB^frStRW^ffiW 9 ^>Btr 
IEA 1 G a N^^-y^i^SriVX Al,Ga,.,N (y<x) a><b& 

1f«it03SlBfSB«&dSSflfEA 1 Ga Mft <b&V\£ 9 
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X _ X N (O^x^l) i>P>45A 1 GaN/^-y^fiW5lS^ BUlEA 1 
GaN^-yW B tU Al y Ga,. y N (y<x) <S»b45/<y77i 

A 1 GaN^7->-^B0i LTA 1 GaN^77l^5^5is A 
1 G a y 7 rJi©0f7&©fiRtt<^)teCfiDi^^ < A 1 G a s> 7/1 

t^^mwmm±m &m. o m&izit^x , a 1 g a N^y77irtw 7 

10 £U£<V\ 

§p<D^_htc^$^ -fj h^-r 1 1 1 -vmt^m^mm^t^rm 

lt, ±4 h^K^i 1 1 -vim&wmm*tt*'<y7Tffl& 
mmmm<o'< y 7 3 r <t s 0 '< * 7 t^t-^^s^ 
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m i ~m 4 fi. mi (ommm^x ^^mwu-^(D^:iM(D^^x^mm 

@i9ii m4(Dmkm^£%^fc^—-tf(Dffimmxhz> 0 

m 2 o ~m 2 4 fi N sg 5 whsm^ i z>¥m& is-wm&TM^&'pt.x* 

m 2 5 ~m 2 7 « N s^^u-if osiatxm^^T^m^-r 

s tz &(Dmm<Dwmmxh z> a 
m 2 8 s-uqn 2 9 ft. is 6 <z>h»j^ i s ^—v <D$mTm(o&^$. -e 

20 m3 0(±, m6(Dmm^£z¥m&u--f<Dwmmxhz> 0 

25 ^<75^7^T*$>So 

in 3 3 ~~m 3 6 fi, s§ 7 <7>«F'itc «t ^?<DW&im&m\'tzit 
£>(Dm&.<Dwmmx&>z> 0 
m 3 7 ~n 3 9 fi n 8 coCT^Jt- «t 5 u- if osstxmsrift^-r^ 



WO 00/04615 PCT/JP99/03788 

10 

H13 9HH4 2«u Wm^7T4TW^\Z.G&N'<y7Tm*:ffi$tf~Z>Jj 

J& LtziM?(D^ G a n s< y 7 7lrt©*5ffi«»t^l^tmtfc5. 
5 HI 4 5 tt. W&D S i CSSiliM bfcG a N^#*# U>—jf OiSitfe 
<5 0 

10 HI 1 H3 5 Sr#R& LT N 1&m<0% 1 <fc v-if<Z>K5£frife 

m i {^-t- j; 5 ^ efc&w y h ^ «t t> ^^ft Lfc^ H B H m^6 h- s 

iCfrh, ^ffiiftS (000 1) S i ffi}£&5<fc5t-S i Cffi^i i&WVmTo 

s i cite 1 1 »^ttnSi^Myiws«R»ns*i-c*5 0 , -to** y 7iii2x 1 

15 0 18 cm- 3 t"fc5„ 

S i Cfiffil 1 0 18 cm-\ J¥£ 1 OOnmOn 

§J^A 1 o. ,Ga 0 . 9 NSSrfifeS$-S-S 0 &*3. 1¥££:5 0 — 3 OOnm, ^RK 
y>im&&5 X10 17 — 1X10 19 cm" 3 t LTt>«tV\ ^COA IGaNM 
ftfi. MOVPEfcl<fc«9fT5„ JmW^iLT, mfiMJ^^/^y^A (T 

20 MGa) , (TMA 1 ) , JkXfT^^r—Tit&MZfls 

b*s<> hmt uxs i H 4 i6H£ffl$n, y r^^t Lxykmtf&m&nz 

o f&ft^fti* JEE^I lOOTorr, MR 1 0 9 0°CX*h% o **5, J±jl&7 0 

— 760Torr N tBSS:8 0 0~1 2 OO'Gi LTt><fcV\ 

A 1 GaNJl £ F^^^V^U »OA IGaN^-^l 2*»f 0 
25 AlGaN^-yi2lt S i 1 1 <D< 1 - 1 0 0 >^l:ffrt'fc5 

V^o A 1 G a N' - ^ — V 1 2 C0$S(i4 . ffi5tigt5AlGaN/N' 
^-yi2©W^| — >CDt°$/^) f28. 0jimt'fc5„ tefc, 

— HsSrl. 0—10. 0/im, fcV^-£:2. 0 — 20. 0 /i mi: LTt) <£V\, 
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AlGaNf©/^-=^> H 3 P0 4 f fcttN a OHSrffl^t l>x 

5 m2K7jkirX0^ MiS8X10 18 cm- 3 ©nlGaNH3^ft 
£-fct-5 0 MM!: 5 X 1 0 17 ~ 1 X 1 0 1 9 c m" 3 ^ It^ iv\ r. 

<DG a NJl<Dj&*t>MOVP E\Z£ <9tT2 0 WM#*t L/C, M^fiTMG a £ 

t LT**rtM£ffl SftSo BScft^femt, E^lOOTorr, t^l0 9 Ot"C' 
10 £>5 0 &3b\ EEM70~760To r r N *Sg£8 0 0—1 2 0 0°C<t LT t> 
«tV\ ■ 

nlS i CS4E1 l^8WtTV^5fgffi±jaififeS^^JE£$n^<v\ 
fc£\ ^*^{-*3V>T{i, A 1 G a N^ — > 1 20$j!ill:(WG aN|l 

15 m 3 <O^Sg^S5*-eoZjgiSrlftW"t-5„ Bl 2 {C^TG aNfl3 tf>jfcft<Sr*Sfe 
W"0^< l^fttffotG a N®^mtmpI(Ctj^S-r5o G a Nil 1 3C9^J¥ 
tf$#)0. 5jumKfc3£:. fBSKKSH-SG a NM 1 3 f^ta&s^frTSo ft^J 
Kli. SfeM^I 9 nlG a 7 7 7l 1 4 «$tl5 0 GaN^7 7 
JBl4©JP:$tt N #J;ifi*4. 0Mmt'fc5, fc*3, GaN/^7rfl4« 

20 SrO. 5~2 0. 0 Atmt L"Ct>«tV\ G a U'<-y~7rM 1 4©Jf$^ i . o 

H4il GaN^77ll4 rt<P*5Cfc 1 5 ^S^^J{-^i"o nlS i 
CSil lA^jgtfSlEfifcl 5*K AlGaN^-yi2?rlIU GaN^ 
7 77ll4^lti^ 0 mtLl 5te±j3\Z.fafrr>XmfZ>tlfr. GaN 
25 /<y77ll40? ■hmfrfaW&.&lZX -oXBi&Ztltl&ft 1 6 rtKfi, $Bt$L 1 
5aq?fcU&V\&\ *fctt#flEUtfc LT'bffi^^l:T*fc5o 

0 03©ffiItSKt5A 1 GaN/^-yi 2 ©4h*©«f».M3***t 

fciS8e<P»rffil2l£*W-o G a y ~7 tM 1 4 <D±\^ ^fflfomgi 3 . 0X1 
0 18 cm-\ J¥£0. 5Mm©niA 1 0 . 09 G a 0 . 9l N??y KJ1 1 7 £/&S: 
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£-£5 0 &*J, 3£%mWkBt&l. 0X10 17 ~1. OXl 0 20 cm- 3 iUlf 
$£0. 1~2. OMmi:LTt»<tV\ r©A 1 GaNfl 7©^f iMOVP 
E{Cctf9tT9o WMX*tl,X, ^RllTMAK TMGa, T^=-T&mi 

k— so hmt ur s i Httmmzin. * -y v Ttf* t Lx^m^mm 

5 £*l£> 0 J&ft^m±. EE^lOOTorr, 1 0 9 0°CT*fc5 o JE^I 

?:70~760Torr, ?M£8 0 0~1 2 0 0°Ct L"Ct)«tV\ 

AlGaN^y K® 1 7<7)_hJ^ s ^«^3. 0X1 0 18 cm- 3 , J¥£ 

10 0 nmCOnMG a N5fe#-f KJ1 1 8 <Srf£ft£-£5 0 ft*5 % 1 . 

0 X 1 0 17 ~1. 0X1 0 20 cm- 3 t U ' J¥££ 1 0—3 0 0 nmt \^Xi>£ 
10 V \ ^(DC a Nftyt/^ KJf 1 8 O^fttMOVP E{£<fc <9 ft 5o J^^>> K— 

y<> hWL V TiJ^ EEfi&fc. RUm^tt, G a N/<y77l 14© 

G a NpfrtH' KJf 1 8<7Xtt^ ^SS^FJf 1 9 ZMffctZo ^S*T"#F 
Si 9tt % 7yK-^©I n 0 . 03 Ga 0 . 97 N/<U7lt7y K~^©I n 0 . is 
15 Ga 0 . 88 Nl>*/i«t«r5S:tSMIii-5w^^J:D3K*$*i, 4jf<D^yTJf 

$^1~10 nmt U '^A'/f ©J¥££3~l Onmi LTt>J:V\ 
^U7ii *7^/uJS<Dj&*fi, MOVPEta^tT^o W&tfxkLXhV*- 
20 J'/l'jfV 1 ?^ (TEGa) „ h V ^J$J* (TMIn) . &Z>*T>« 

T&m\<\ *r*VTtfXkL.X&m&m^5* jfcft^ttu E^lOOTorr 
„ ?ag7 8 OtT'feS, fc*3, E7J^7 0~7 6 OTo r r % f&g£ 5 5 0~9 

0 O'Ci: U-Cb«fcV\, 

.^fift^#FJf 1 9 (D-Bc, J?£ 2 0 n m. ^F*BfejftK 5 X 1 0 1 9 c m~ 3 (D 
25 plA 1 o 18 Ga 0 . B2 Ntf^D :y^Jf2 0 3rf&*£-fr5 0 &jb\ ^*fi*WfcK 
Sri. 5X10 19 cm- 3 ^±i:U ff$^5~3 0nm^LXt>J;i\ I©A 

1 G a NS^b ^J12 OW^ttMOVP EK<fc Off ? c J^l-^ir tTT 
MA 1 , TMG a , RZF7 ^^=-7&m^\ F—'O hW± IXttf* w<> 
?*?=Lzzj\s*rjr*is$J* (Cp 2 Mg) Srfflv\ =^-f U <h UC^IiSr/?^ 
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A 1 G a Nff^n y ^1 2 0©±t, Jf $ 1 0 0 nm, ^FM«^5. 0 
x l 0 1 9 c m~ 3 (D p IG a NfttfW KJI 2 1 &J&K£-frS„ fc*>\ 
5 0X10 17 ~5. 0 X 1 0 19 cm' 3 i U 1 0 — 3 00 nm<!; L 

Xt>£l<\ GaN*^ K12 l©{SfitMOVPEiat)fT5. jpfS|vtf*£ L 
XTMGa&tfTy^T^VV K-^y MtLTCp 2 Mg^fflV\ ^r^r 

10 G a NTfe^V Kit 2 1 <£>_Lt^ ff $ 0 . 5 ju m N TOGMftft 5 . 0 x 1 0 1 9 
cm- 3 (DplA 1 o. 09 Ga 0 . 9l N^7yM2 2^ft§f5, ft^ 
j«Srl. 0X10 17 ~5. OXl0 19 cm- 3 l^±tU S^^O. 1~2. 
Oumt UCt><fcV\ lGaN^7-7 KJP 2 2O^It)M0VP EiCj; <9 

15 1 G a Nlfyo y ^ M 2 0 <D&&&>m&b PMHT'fcSo 

A 1 G a N^7 y FJg 2 2©±(J1, J¥$ 0. 2/im, ^M^5. 0X1 
0 l, cm- 3 ropSGaNay^^H2 3*jS5$t5. fc*5. T*fi*3«££r 
1. OX10 17 ~5. 0X10 19 cm _3 iU J?$SrO. 1~2. O^imil 
XhX^\ GaNn>^^ M2 3«-bMOVPEiai9ff9o HOlStf/*, 

20 h'—y<> hffii. V TU*, mttfUfr. RXm&0kfct*. G a Nfttf'T KJf 2 

i <D^ft^#^ i: mmx~ibz> 0 

S i Cttl l©l5iiiU Wfc<Dm$frl 0 0Mmi$l:^5ST-i< 
t5. GaN^W hJf 2 3.&.OA. 1 GaN^77 Kg2 2^»K7'f 
^y^^'U !ir^2 4Srat, U y v 5 2 4 £><6fi 3 . 5^mT*l il^il 
25 O. 4jum-C*&5o £fc. U •>v J 2 4(i, £tefe^f^{^o-CH.fc<t#, 9^ 
v?24tAlGa N'** — > 1 2 irtfSfifckfcV^J; 5 teJa«$*L5. 

S i C1K1 l©Iffi±l:, Ni, T i, &t>Viu£IM#^fg£-fr, Ni/T 
i/Au<D3 JUS&SrW-t" 5 n Ml 2 6 ^fifei" S. U 5> *S 2 4 0>&ffiRO< A 
1 GaN^^y KIS2 2(7)^ffi$rS i 0 2 JR25T-S9o S i O 2 JIg2 5 ]) 
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ffi$.W%.<&2. O/imtfeS, S i O a fll2 5©±, XUWPOjaSBi^ttlL 
tz y 7^2 4 CDJL^ N U Ti, &U«Au SrKSWiSt*^ Ni/Ti/Au 
© 3 S«it^rW-r 5 P fldW 2 7 &7f»f 3, 
5 jtt^i^ftTiS 700/i mlC!it5i Si CM l l SrfSHli-So ISBHffitc, 
S i CStRl 1<D (1-10 0) mt>*&*lZ>o 

±IBOMOVPEIS^*3V>T»^ nSi«M^ 2 /i m/I^i $K I 
n G a N ^MM^^M 1 9 cDf&ftig^ 0 . 3 ju m/fl# $ *U P §® 

io ±ssm i ^hsm^v n-cw^ jwceawfeir^rrs niA 1 g a n^*-^ i . 

15 CWfc 1 1 ^iSS?g^t-5o nlG aN/v>7 7l 1 4©Ml4nlA 1 GaN 

in 6 ^TF-rs i cstR uii ^i (D^mm-em^tzm i©si csis 

20 mm<Di>(DX*3bZ> 0 S iCStKl HM^^Sfifefi (iCVD) \z 

XVmZ 2 0 0 nm<£>S i O 2 m&tef$TfZ>o fc3b\ S i O 2 JjgOJ¥£ & 1 0 0 
— 5 0 0 nm<t UTt>cfcl\ 7<7MV^r(DS i 0 2 JB6£raf&#«-^5'?->' 
S i Ojy7>9 2 8«(3to 
S i 0 2 -^^-^ 2 8 0#Stt4. Odmt^l ^Si«t5S i 0 2 v7^ 
25 2 8(D&*<D<P>b-ffl(D$gm (t°-y^) fi8. 0ymT*fc5 o &:fc> S i 0 2 ^ 
9 2 8 <Z5*iSr 1 . 0—10. 0/imiU t°:y^&2. 0 — 20. 0/xmtLt 
4><fcv\ 

ID 7 tr^F-T J; 9 {- % SiCi^llWlffiLMiC, f^lOOnm, 

X 1 0 l8 cm- 3 ronl«A 1 0 . ^ao. 9 Njf 1 2 %it#J&R£-fr5 
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o fr*5 x A 1 G a Njf 1 2 <Dff£ & 50~3t)0nmiU ^WI<lr 5 X 
10 I7 ~lX10 19 cm- 3 iLtt)J;^o El 1 K7r?tA 1 G a N 

a?*— > 1 2 ©fifcJBfeffci: |pWre&S„ 

5 *R 1 1 <D:gffi_B^ tR©nSA 1 G a N/^-y 1 2 *S»5 B 

IH9}C^-t-<t5t-> AlGaN^-yi2^|H-C, nlWaN^ 
777|14MI^5o J&ft^te, HI 3 (OTf G a N^y7rl 3©M 
^Mti:lRl«-C*>5o mio«^l213cDt^tl<b[5]«(7)*it 
/5^t b*L5 0 121 9 ^tf1~G a N'* j/77114 <£> Jhi^ fs 1 OHJfiflBjOE 5 

^^-etT9o -tU-StU ft 1 <^M#iJTii, ID lC0Xmt-*3V^ A 1 G a N 

, 1 O^^Jt^T. S i CStgl lcDRm«tffi;6^tt5^-^M£ 
15 *l5 c wCD/c^, ^it'^ft^iir-SGaN^^'y^TJi^BBti^iSiftS^i:^ 

Hi O&tfilll 1&#RSLT. ^3^^J?r^i-5c 
HJl CM^-TJ:?^ nlS iCltll©iS±C nlAlGaN/^- 
V 2 9 ^^c-TSo S i CS^ Hit ^ 1 CD»F'J<D121 1 Ktt^T S i Cffi 1 
20 1 <h!5]#CDktfrefe5o nlAlGaN/^-y2 9l4, ilOHteW©01^ 
A 1 G a Ns<*-^ 1 2WffM«i:l5]^(D^&TifM$ix5o fc/:U H 1 OA 1 
G a N^^— ^ 1 2 li, Si Cl^ 1 1©<1-100 >^^]'<^W^fX^^tK 
B2(D$3fcM<DA \ GaN^7-V2 9 IX S i Clffil 1C0<1 l-20>* 
(pHcWC'fc£ 0 AlGaN/^-y2 9(O)|$l4l0 0nm, gii4. O^m 
25 N t°^^{18. O^m, ^Wtt8X10 18 cm- 3 T*?)o &*3* — 
y©)f$^5 0~3 0 0nm, *I$r 1 . 0~10. 0 /x m, t°-y^^2. 0~2 
0. 0/im, »M^5 X 1 0 17 ~1 X 1 0 19 cm" 3 i: Ltfci^o 

AlGaN^7-^2 9^St^U, J¥£4. 0 m m. »j|^8X 
1 0 18 c m- 3 ©ni!G a N^-y77l 1 4 fc*5, ff££:0. 5 
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~2 0. Ojim^U »»5XlO u ~lxi0 19 cm-^UtJ: 
13 1 1 »± N GaN/<y77ll4 P^KD^fi 1 5 Sr^Mt^t. IB 1 ^HfiS^J 

m 4 t^i-i 9 kibce i 5 &±jft£m<jz>t>\ m 2 <dw&M(o&& 

fSgJ£ 16a i«(ECiO^>fcV t # 5 C 

WXIi, iSKfeftliBotafctt, y ^2 4^ A l G a N^*-^2 9 irfi 

10 tez£oi<z%zm£nz 0 %tz, mm^xvm&zftzMmmi^ (11-20 
) mtftZo 

15 A 1 G a N^-V 2 9 j&SEBSnTV ^fc*\ *?ffiKtt3(5 1 CD»^^ 

_k|Ef§ 1 ~S§ 3 il^ftOfc46(^a^ B B H< h LT, A 1 0 . , G a 

o. 9 NS:fflV^ A 1 JfflJ^tt&j&TLfc 1 0%£i-3&gf*teV\ A 1 OijBric 
ttx£. O^x^l tUTt>«tV\ -ffttt, mm&b LTGaNSrffiV^txt 
20 l/^U A 1 Nlrffi^tiiv^ 

fcfcU AlMttx^O. 0 9«fc <9 *>/h$<fc5£\ AlGaN^ B B i^© 
&&&mmizteZ> 0 x^o. 4 £9 titles**: U sfFf 

igfiya^:<z>Sia»-*5„ r<z>/c£> s Ai«x?r, o. 09^x^0. 4 0<t 
i"Sii:iSjf*U\ &*>\ Al*Bj*fcfcx&0. 0 9 i U t>/h$ < 

-7rmt UTGaNliffl^fciS, J:f)-«)f'A 1 y Ga,. r Ni!:fflV^fc 
«fcV\, irt*, f|gili:<E5A 1 GaNi©Al«xi, Ay7rl©A 1 
jfflfifett y t y < x ^2.Mi»ctJ: o t > itiftJ&S^B^fr 
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0^tfrX%Z> o C<Dfc£\ idl^xtyirCTO, y < x birZ> C t £ 
LV\ ^j/77l©A l£§j&Jty;6Vh£<&5<!:, nSS i CSI&OSttSitffi-t 
~.©SSa**6Sffl«;:fcS 0 fc*5, «^i5A 1 X G a 1 _ x NOA 1 m&tt 

±1311 1 MB 3 ^HWJTi*. #fift^#FS £r I n 0 15 Ga 0 85 NJS t I 
n 0 . 03 G a o. 97 Nmb(DWBMi£b Ufc;6\ &;h,*i£gteJSX-C21fitb 

$T^XLTtxtV\ FiJ^fi> HbA 1 x Ga y I n^NOxMy^ 0^x< 

i . o < y ^ i <D$mfox~$z7i.x h £ v \ ^fS^FJioil&ttroaEftWo 

10 T. YW&XW 7 y K«A 1 a G a b I n ^.^N© a RVb 0 ^ a ^ 

HI l 2 J^rf-^J!8tcS5*T*<©zmS:KKi-5, % 1 <£>3SSfi0»J<Z>0 1 fc3M"S 
i cmm l l £l^«tf>Sffi l 1 &#»2fe$&tf;KifeL*:gL 7 yBttafi 1 ftfflW: 

15 fltr«„ s i cmz*? vmfrbWLK) so^u MovPEis©^ 

fT?o 105 o°c^r-w, S i CSffi 11« (OOOl) S i ®_L 

ld?£ 0. 1 um(DA 1 o. ,G a 0 . 9 Njf 3 2 5 „ A 1 G a N 

20 I3 2©f^0. 03~1. 0 Atmi: U A 1 <D|§^it$:0. 05~l<hLT 
t>«fcV\, fWtLTTMGa, TMAK XtKr^^TS^tEfflU ^rtli 
t U-CtK^^^-T^o TMG a (D^tfifi 44/! ^J^/^ TMA 1 <Z>«c 

25 MF^Sr^*^Bife-rS 0 ^fflf+ifi^-CSffi^^U A 1 G a Nig 3 

2SrffMLfcS i Cg&l lSrJ^S^bSl^ffii-o 5SfeV^T\ CVDiliUl 
GaNl3 2(D±:{zm&0. 2 /imOS i O z l3 3 Srif6fi£-grS 0 
Hi 3{C7jH-^S{-M5*T*<^Xm^^-r5o S i 0 2 JH3 3<^ffi_hU:u 
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t©l/^ b'<?— >3 5 &MtfittZ> 0 1 5 0^6 O^f^ ^ 
3 f^dfy^fT^ 

US?* h'<*— >1 5&-^X? t U 7 7^fflV^S i O a JR3 3 0«ttlL 
5 TV^a5#£oLy^^-t-3 0 ^7 F/^-y3 5©TIIS i 0/^-^3 

HI 1 4\Z.7Trf£olZ.^ S i0 2 ^-y3 6^7^tU, SffiUO^A 
1 G a Nf 3 2 Sr^s/^^-rSo r.(D^5/^^^'fi, C 1 2 £fflWcSJ£i4^ 
^"V^y^v^ctO^TPo S i 0 2 ^->3 6©TCA 1 Ga N^^-y 3 

io 7tmz>o 

t:t?5^raofswoas:fT5o 1 o sot^-em sg-hfc:, 

8 X 1 O 1 8 c m" 3 ©G a NSSrJ*S$*5. fc*3, 5 X 1 0 1 

15 7 ~1 X l 0 19 cm- 3 i LTt>«fcV\, m&tfxk LT> TMGaiTy^-TS: 

TMG a Oflftftfi 4 4m ^^/^t?ft> D , T ^-t^TOgftflte 0 . 1 

S i CStRl 1^3tffi£.t>*S i O z s<? — ^3 6(D«®il:it GaN^i 
20 jefcft < 1/ \ ~ <Dfc#>, J&firOTCD^Pglw&V vctt, A 1 G a N'<*— > 3 7 

A 1 G a NU^ — ^ 3 7 (TXRiJffiJi^G a NfifcSJB 3 8 ^JKfft$Jx5 0 G a NjfcS: 
Jl 3 8 fi^l^^ft^i 19 M^ilfctO-C&Sfcft, S i CSS HtGaN 
^B B B<tO*&^^(-^ia-r5te(i^GaN^Sjl3 8rttdA«3ii**V\ ^LCO 
25 fc£> x G a N^Si 3 8 rt<Dfefi§t^{S< ^5, 

Hi 6 KIttH-J; 5 t-, &£kf$M*mrtZ Ga Nf&ftjf 3 8 (v— K) 
<b LTG a Nricftg 3 92>\ «^|SlXtJ«ttr|6l^fifefi-r5„ *&iifi£ftffi<BSi £ # 
S i 0 2 s<$— >3 6<D±.ffi&mz-tc&f&frb, S LO/^-y3 6©±Si± 
{£*3^Tfc#tfr|pJj£ftaSte£3o KDiM^U, 01 7}^jFi-«t 9^, GaN 
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S i CStfcl UAlGa Ns*?— ^3 7 t^B^bJi^StfS^fik 
S i 0 2 '<? — >3 6(C<fc >9 ^"p 5/^ £;ft,5 0 S i O z /^-y3 6<D±JjiZ.1& 

5 vmfflmm.<otew$\z.i3^zmLbK g a n/&s/ii*i^ 

So 

Ell 8^i~J:5t'> GaNv<y77l4 1i5#btl5, GaN®4 1<Dj?£ 
ri$2. 5 Mm{:^5fC^ftW5„ fc*5, GaN/^77l4 1WJ|^2 
10 . 0~10. 0 umt LTfc«fcl\ GaN/^77i4 1©S^SiO/^ 

15 ±iBO^fe^ ct «9 , JCiBlEjEtf>*i>&V ^GaN/<777i4 1 riS#k;ft,5 0 

El 1 9 ttU G a N/<y77l4 1 (D±iZU— fffig*Mj&.l,tz¥m&U---y : <D 

«F*6Sf+*tLTV^5 0 ^SS^GJK&oTJLfcirt, U^2 4^ Si02 
20 >3 6£fiftbftv>J;5KEK£;JX'5 0 

» 4 ©mfctffl:: Is— T(w*5V ^(i. tSfi^ofSv ^G a 777 

o 

25 S i 0 2 s<? — ^3 6&t;A 1 GaN^-7 3 7 JO^sfSfcfgJg £ LT 
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m2oiz?M- (ill) mziE&k-tzs im&5 iz&mmi*RU7k&ci,tz 
y^m^mi^mmu nm7kmrz>o MovpEit«»s i 

5 8 o°ct- 5 ftm(Dm%m*n e> 0 9 o o°c^ u sisisi 

_Bd?£ 2 0 nmtf)A 1NI5 2 SrJ&Sr^-fctSo fc*i N A 1 NJ1 5 2<Dff££r 1 
0~100nm<!:bT'b=tV\ Al Nil 5 2 CDj&SrWi, »>i:lTTMA 

10 m&& 1 0 5 0°C£-CM.£ it/cm, AINIS 2<7)±^ N ff£ 0 . 1 // m<7) 
GaNl5 3«$t5, fc*3 x GaNJl5 3<DJ?££0. 0 5 — 0. 5jim 
iUTtiVV GaNl53«iIll l^^i LTTMGa t7^7 
£fflv\ ^VTJfxk LT7k*£IBV^ 0 TMG a Oolite 4 4 */w/^"C 
£> <9 % T ^=TO«6fif±0 . 1 */u/^t?S>5o S i £1R±KG a NJBSrS&S 

15 ^S^-frSr a 1 N®^tT*3< ^kK£V. Si 

KG a NJI£r/&ft£i*:5 r. £ iS^rtfeJc/iS. 

KB&U ^mifi^-CJ^Pi-Sc ffcMa^SK&Uflffl-*-, GaNl53© 
±^CVDtw«t»)J?$0. 2/im©S i 0 2 SI5 4 £i*HS£-l3:5 0 
20 HI 2 1 l^rttWBtCS* £-C<£>Xm£rfft9H-5, S i O 2 SI 5 4 <Dgt®±K 1/ 

^ h&mnu 8 o°cT-3 o^-rfl^u^-^^w^o hm&mit 

5 6^fife-T5 0 ^V^% 1 1 5°CX'6 OfifflCDtfX h^<— ^-if^nOo ^ 
* W-y5 6Sr^7^i:UT, 7yftSrfflv\ StiJLTV^S i 0 2 8l5 4 
25 ^i-yfy^'tSo L"^ h/** — >5 6 05~R-S i 0 2 '^ — 75 7#^5 0 

H2 2ir7Fi-«fc9(C S i 0 2 ^ — 7&TX?b LT, GaNf53S 
(fAiNl5 2Srxyfym, z:<r>^~jl-yy\t* C l 2 «:fflV^R I El: 
«f9ff9o Si0 2 ^-y5 7©TI:, GaN/^-^5 8WAlN^- 
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V 5 9 f>mz> 0 

m 2 3 «l-I5*T©lS^P^t5 0 G a N/^->5 8^A 1 
^5 9 <Sr?FM Lfcii?rMOV P E3Sll©fiJtJ^rt*CK»r5 0 J««rt 
JC^mLfcSL 7km#ia«;<!: U1 08 0 < CT*5^BBOfKi«SffiS:fT5o SffiJfi. 
5 ^1 05 O^C*T?Ttf\ St^«®±(CG a Njg£j£K£-£5 0 jfcJBfefrtfU H 
2 0 {CTj^t-G aN|5 3 tf>j£g&f££: |rW^*>5 0 

G a N^-> 5 8 <DWm±lZ.(DW&fa$&&£& So iOfcif), ftf$t&&<D 
fj£V ^G a 6 0^\ G a N^— ^ 5 8 

S^-^o t^t'll @2 4(OTtGaN^y77l6 1 aSJU&fcSixS, GaN 
10 ^y77l6 lOf^lis 2. 5jum£:-f5o &*5 % GaN^y77l6 1©J? 
££2. 0~10. O/jmtLtfeJ:^, GaN^77S6 1^Lfct, 
SilR$rJS5cft£»*b8i 5 tb-fo G a N'< y7rl6 1 tf)Jhl^ 019O if^it 

15 ^fh^KSi i i -vik^frilJ; 5 hZm-ehZo rcofcsx 

_L1ES&4&U3B 5 <D$ffifflVti^ W5fa$&K&Z>' < >v7Tmb UTG a N£ 

fi, ^ftj*S^fc*<PflH&ifl£: LTA 1 x Ga ^.N^l^t^, ^77 
20 Ji&Al y Ga 1 _ y NT3S&£L-Cfc«fcV\ I©t # N Ji3&<7) x t y <t Sr, y<x 

it y ;M> $ < 5 {5 £\ S i C S i &£<Z>8tti JLl Ofe&oSjfcft L 

25 tc<<ft5 0 rofc*. f*[plfifeft«lJ:5tGe^{Svv^ ; /77i<^« 

S i0 2 5rfflv« ft!l<Z>3^#i£/B^Tt>«fcl\, 0HS.fi* S i O 2 1 PMISlcffc 
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frmM^teZW&tflbZ* r*Ui s S i C<Dj|^g{£WG a N<D»^^C^ 
5 tt^T'h £ V &gk&W&<D#mm (CG a Njf F*]^ | o3I <9 

10 5-027 ^#BS LT, G aN(OS (£>3 V Mi y v 5 ) SttTM: 

[H 2 5 {^^i-J; 5 Si 7 1 <^S±(^A 1 G a Njf 7 2 ^ft^-^T 

5 0 HI 2 6 iZTfrf X 0 {C, A 1 Ga Njf 7 2<D±K, Mtfe^S i 0 2 '<?— is 7 
3&J&l&t&o A 1 G a Nil 7 2 <7^fcfci Utg®_t^ G a Njf 7 4 £rittR/&B: 
15 $-£3 0 ^ftj&^J:^ S i 0 2 ^-^7 3 <Dm<Dffl%<Dim±^ JEfifc 
^G a NIK 7 4a £ft% 0 mKK^T^ GaNf74 

HI 2 7 J: G a NS 7 4 <D±iZ, U— if«ig 7 5 &ffi&fZ> 0 

fiWSSr. ^&&g£>ffiV 7 4a OiJfrfcBES-r 3 r. i: ^ X V . L# V vfi£®fflt 

\s— rmm 7 5 zmtsttzm^ nrnzmmi-z, GaNi74 (om\mm u*. 

S i 0 2 /<*— ls7 3(D±.iZi > ¥&&m 7 6&im&tZ>a S i0 2 /^-y7 3 

HI 2 8 -HI 3 1 Sr#Bg L-C, H 6 (7)«0>J{C J; S#iff#U— !f (^S^fi^&^m 
9!« 0 
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in 2 8kZ7rrr^\zmz^<DTm&$m*Zo mm-tzs feats 8 

m i KiTKtlS i olUS0iJ"efi£ffl Lfc s i cSfii lii WMfDWVh^o S i c 

SKI 10±H, MOVPEJC«t«9. nSAlGaN^y77l8 2SU ! niG 
a N«5^1©/<J/77i8 3 £f&K:£-li:5 0 A 1 G a y :7 7-Jf 8 2 O 
5 J?$(20. 5^m-C'fe^ ^<W*B&*£fi6X 1 0 I8 cm- 3 T'$)5 o %\V> 
^y77l8 3©S^iO. lfimt'fc!), W»M6X1 0 18 cm" 

Il^y77i83W±t, fS&CVDiC«fc?K j?£0. 2/^mC0SiO 2 ^ 

10 8 4 a &J&&tfrZ„ S i 0 2 >0>b&5^Rjfcftffl-^^ 8 4j«»3. «#<Z>0flP 
8 4aliJ;i9iBS^O^^^$tL5 0 *UlP8 4-aO«i4/ t m-ej!)5, 
1-08^501? P 8 4a <DPflPBfi3 0 /z mt'fc^o P^P 8 4 a OS^JrJ«U S i 
cm&8 1 <D< 1 - 1 0 0 >Jjfalz¥?TX'lbZ> 0 
m P 8 4 a WjKffiKttti DfcJS 1 CO^ ->7 7 18 3 £>£® Srife6j&g<Z>ai 

15 — K) i:U MOVPEia i 9nSGaN^^2©/<-777l8 55:l^ 
J&&£ltZ>o $2^y77l8 5©»Mi±3Xl 0 1 7 c m - 3 -C&5 0 

Bf&ZtlZo il^y77§83 ^ffi*^jSt^5teffl[l4, St&lBjfifeft^«fc "9 

20 #8 5 a F*3i± x tett**6MK< ft5o 

P 8 4 a ^fbJ&S U^/cffl 2 <ZV* >^77l8 5 [Sldr^ft: 

7l8 5«$|i5o i2^y77l8 5^(D, S^lp^S^-fSBr 

25 7I8 5 (DlW-cS 4 m ni i: L N Wi2<Ds<y7 tM 8 5<D&*(D$g& 1 8 umk-f 
5 0 $2^y77l8 5<^J?$i:i|iS{i, ^gB#(DTMG a Rt>*T>^-TC0^ 
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HI 3 0 IZtMtX ? (C. W.2 <D'< 77718 5-<D±i^ iFffife&Mf&iSo 

m 3 1 tc, u— if mm^comm^wmm ^-r a ^1^777183^ 
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